A field of growing interest in environmental health is that of lead speciation, the study of the various chemical forms of lead. Different lead compounds have different solubilities, which in turn affect bioavailability. Descriptions of lead exposure such as concentrations in air or settled dust are telling quantities, but can only relate part of the story. A variety of biological and geochemical influences will determine how much lead ultimately reaches the blood and becomes available to exert toxic effects. Previous studies have identified the major lead-bearing constituents associated with lead smelting procedures (1, 2) and examined the role of speciation and particle size in solubility (3) . In the current research article, Spear et al. investigate the geochemical factors of lead speciation and particle size, and their potential role in the bioavailability of lead from bulk and airborne smelter dusts.
The authors present results from a primary lead smelter. Dust samples were obtained from a variety of locations representing different stages of processing. Quantities of bulk dust were taken directly from surface areas within the smelter. Airborne dust was sampled with an apparatus that simulates intake by the human respiratory system. Samples were subjected to X-ray diffraction to identify the leaded compounds associated with the smelter dust. A chemical extraction method was applied to examine the relative solubilities of the dusts. The important characteristics of this study are therefore its abilities to comment on lead speciation and particle size over a range of locations in a lead smelter and to infer how these factors may influence human health.
From X-ray diffraction results, the smelter dust mineralogy is reported to be heavily influenced by lead sulfide. Dusts Although studies of this nature were carried out a few decades ago, recent advances in sampling and analytical techniques (some made by Pleil himself) have allowed the authors to follow the blood and breath decay curves for a longer period and with greater precision than before. The results are interesting and a bit puzzling. Before we explore these results, however, it is desirable to place this study in some perspective. The basic reason for being interested in the breath/blood relationship for some scores or hundreds of volatile organic compounds (VOCs) is that such knowledge would allow us to substitute a noninvasive, nonthreatening breath measurement for the more difficult, generally less precise, and harder to obtain blood sample. Thus, a number of authors have attempted to determine the blood/breath partition coefficient, which is the ratio of the arterial blood concentration to the concentration in exhaled alveolar breath. But there are difficulties in such measurements. We normally measure venous blood, not arterial, and it is not a simple matter to collect alveolar breath. These difficulties in making a direct measurement have forced investigators to estimate partition coefficients by indirect means, using in vitro methods for the most part.
Once the partition coefficient P is known, it is possible using physiologically based pharmacokinetic (PBPK) models such as that of Ramsey This same equation holds during the decay period, with Cinh = 0, so that the blood/breath ratio is simply equal (approximately) to the partition coefficient plus 1. At the beginning of the exposure, the venous blood cbncentration is near zero, so the measured blood/breath ratio starts out at a low value and then increases toward an asymptote. The magnitude of the asymptote is determined by the metabolic rate; for a rate near zero, the asymptote would be nearly P + 1, but for a higher metabolic rate, the asymptote would be considerably smaller. Thus, the complete description of the time-varying blood/breath ratio would be expected to look something like Figure  1 , where the ratio increases toward an asymptote during exposure and then makes a discontinuous jump to a constant value of P + 1. For values of the partition coefficient .10, the blood/breath ratio during the decay period is approximately equal to the partition coefficient. This may be why Pleil et al. tend to use the two terms (partition 12 
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coefficient and blood/breath ratio) interchangeably, although it would perhaps be better to preserve the differences between the two concepts: one is a fundamental constant, whereas the other varies with time depending on the exposure profile.
Partition coefficients have been published for a large number of aromatics, aliphatics, and halogenated compounds (2) (3) (4) . However, it is a matter of some uneasiness that few studies involving simultaneous measurements of blood and exhaled breath are available to check these values. It makes us even more uneasy when those few studies seem to disagree with the published values. For example, Perbellini et al. (5) found that for persons with occupational exposure to benzene, the measured partition coefficient agreed with the literature value of about 8, but for persons exposed only to environmental levels, the apparent partition coefficient was substantially greater (about 20). This led Travis and Bowers (6) to hypothesize that perhaps a saturable component in the blood was trapping benzene at low levels, possibly as protein adducts. If this sequestered benzene were released during the analytical procedure, it would lead to a higher level in blood than the corresponding breath measurement and thus a higher blood/breath ratio than expected for a given partition coefficient.
Some 20 years ago, Monster and Houthooper (7) Figure 1 . The expected behavior over time of the blood/breath ratio of a compound with moderate metabolism and a partition coefficient of 10 is shown for the case of a 2-hr exposure followed by exposure to clean air. In this four-compartment physiologically based pharmacokinetic simulation, the blood/breath ratio rises toward an asymptote that is less than 10 and then jumps discontinuously on cessation of exposure to a constant value of 10 + the ratio of alveolar ventilation to cardiac output (in this case the ratio was set equal to 1, so the final blood/breath ratio is 11).
Volume 106, Number 9, September 1998 * Environmental Health Perspectives Research Highlights some of the remaining alveolar air from the lung. Pleil also developed an analytical method that could quantitate the CO2 in successive samples from the same subject; a CO2 level lower than normal for that subject could be used not only to identify samples that were incompletely alveolar but also to adjust those samples so that they could be used instead of discarded. [The history of these improvements in breath sampling and analytical methods is provided in more detail in a recent article (13)]. Concurrently, the blood analytical methods were eventually greatly improved by employing an isotope dilution method, which detects and quantitates losses in extracting VOCs from the blood and allows all samples to be corrected for such losses. The isotope dilution system was sponsored by the EPA in several unsuccessful early attempts in the mid-1980s but was eventually perfected (14) .
In the late 1980s and early 1990s, these methods began to be employed in both field and chamber studies. Wallace et al. (15) found similar results (higher calculated partition coefficients than the literature values) in a chamber study of five subjects exposed at relatively low levels of about 1 ppm. Ashley et al. (16) measured blood levels of a dozen or so prevalent VOCs in 800-odd persons as part of the National Health and Nutrition Examination Survey (NHANES). When these values were compared to the breath concentrations of another set of some 750 persons measured in the EPA TEAM studies (assuming that the two groups were comparable), the apparent partition coefficients were again about twice as high as the literature values for all of the VOCs common to both studies (17) . Now Pleil et al. have found a variation on these results: during the uptake phase in his chamber studies, the blood/breath ratio follows the expected monotonically increasing curve, approaching an asymptote of about 10 toward the end of the exposure period that appears (coincidentally, I believe) to be close to the literature value found for the TCE partition coefficient. However, during the washout period immediately following the chamber exposures, an unusually large increase in the blood/breath ratio is observed (although not for all subjects). Pleil (2) . Moreover, instead of staying constant during the decay phase, the blood/breath ratio varies with time. Even more puzzling, it appears to increase for some subjects and decrease for others. Assuming that both the breath and blood measurements are correct (an assumption supported by the good agreement with theory during the uptake phase), we are left with an interesting puzzle: Why does the ratio become so unstable during the decay phase? Because the single-breath sampling method of Pleil et al. has the great advantage of allowing measurements during the first few minutes after exposure ends, a period of extremely rapid changes in the blood concentration, it might be expected that instability would occur due to rapid losses from the blood and little chance for the blood to mix. However, such instability should be damped out after a few minutes, whereas Pleil et al. find it lasts considerably longer. Another puzzle is that the blood/breath ratio in some subjects had nearly opposite behaviors; no simple explanation could possibly account for this. A third puzzle concerns the large jump in the blood/breath ratio from about 10 to 29. Although a discontinuous jump is expected in PBPK models, it is usually more modest. The size of the jump is determined by the metabolic rate and also by the blood flow to the metabolizing tissues. If the liver is the main metabolic site and only about 25% of the blood is shunted to the liver, it would be impossible to make such a large jump at the cessation of exposure.
Possibly these are just anomalous results that will not be repeated by subsequent studies; however, if they are confirmed, there will be interesting things to be learned as we try to understand this behavior. It is to be hoped that such confirmatory studies will not be long in coming. We need such studies either to confirm the literature values of the partition coefficients, thus enabling us to replace blood measurements with breath measurements in many situations, or else to show us the direction we must take to establish partition coefficients that will apply to real persons exposed either to environmental or occupational levels of the many VOCs of interest.
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